Abstract: Efficient and selective oxidation methods for preparation of jV-alkylphenothiazine sulfoxides 2a-h and sulfones 3a-h starting from jV-alkylphenothiazines la-h are described.
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Selective oxidation methods for preparation of N-alkylphenothiazine sulfoxides and sulfones media (18) , or OsO-t/W-methylmorpholine N-oxide (19) were applied for oxidation of phenothiazines into sulfones. On the contrary, the milder chromium based oxidizing agents like CrtVpyridine (20) , resulted in sulfoxide formation. Ozone (21) , electrochemical methods (22) , tetramethyl oxirane (23) or perfluoroalkyloxaziridines (24) were also used for oxidizing phenothiazines to sulfoxides.
All of these methods, however, required either expensive/unusual reagents, or afforded the desired products only in moderate yields via tedious purification. In this work, new methods applying convenient oxidizing agents, requiring mild conditions and simple work up and providing good yields for selective synthesis of phenothiazine-5-oxides 2a-h or 5,5-dioxides 3a-h from 10-alkylphenothiazines la-h are reported (Scheme 1). 
2a-h phenothiazine
R
I. General procedure for alkylation ofphenothiazine with alkyl iodides
Phenothiazine (20 g, 100 mmol) was suspended in 100 ml alkyl iodide and NaNHj (6 g, 150 mmol, 95 %) powder was added portionwise and the reaction was stirred at reflux temperature. After the reaction was completed (by TLC), the excess of alkyl iodide was distilled off in vacuo and unreacted NaNHj was quenched (water, 50 ml). Followed an extraction with toluene (50 ml, twice), drying (MgSO*) and removal of solvent, the residual crude 10-alkylphenothiazines la-h were purified by vacuum-distillation for lc-h and by recrystallization from ethanol for U-b (Table 1) . Selective oxidation methods for preparation of N-alkylphenothiazine sulfoxides and sulfones 
II. Oxidation of 10-alkylphenothiazines la-h to sulfoxides 2a-h
Method A: To a stirred solution of 10-alkylphenothiazine la-h (5 mmol) in 25 ml of CH2CI2, a solution of /n-CPBA (5 mmol, -1.23 g, -70%, freshly titrated iodometrically) dissolved in 20 ml anhydrous CH2CI2 was added dropwise (30 min, 0-5 °C). After the reaction was completed (checked by TLC, 2-4 h), the mixture was washed with 10% KOH solution (15 ml, twice), 5% HCl solution (10 ml), and satd. NaHC0 3 solution (10 ml) and dried (MgS04). The solvent was distilled off and residue was separated by column chromatography (CHhCh-acetone, 9:1). Finally, the products were recrystallized from hexane. Yields and melting points for the resulting sulfoxides 2a-h are given in Table 2 .
Method Β: To a cooled solution of 10-alkylphenothiazines la-h (5 mmol) in 5 ml CCI4, a mixture of 97% fuming nitric acid (5 mmol, 0.22 ml) and glacial acetic acid (0.1 ml) was added dropwise. After a few minutes, a white precipitate was formed which was removed by filtration, washed with saturated NaHCC>3 solution, dried and recrystallized from anhydrous DMF. Characteristics of sulfoxides 2a-h obtained by this method, including the melting points, were identical to those obtained by Method A.
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III. Oxidation of 10-Alkylphenothiazines la-h to 10-aIkylphenothiazine-5,5-dioxi<les 3a-h
Method C: To a solution of 10-alkylphenothiazine la-h (5 mmol) in 25 ml of CHClj, aqueous solution (50 ml) of KMn0 4 (7.5 mmol) and Ci6H35N(CHj)3 (+) Cl <_) (0.5 g) were added and the resulting mixture was vigorously stirred at R.T. for 4-6 h. Then the reaction mixture was filtered on white quartz sand. The organic layer was separated, washed with water (15 ml, four times), dried (MgSO,») and concentrated in vacuum. The residue was purified by column chromatography (eluent CH2CI2) and recrystallized from dry ethanol. Yields and melting points for the resulting sulfones 3a-h are given in Table 3 .
Method D:
To a stirred solution of la-h (5 mmol) in CH 2 C1 2 (20 ml) m-CPBA (0,01 mmol, -2.5 g, 70%) was added in small portions at room temperature and the resulting mixture was stirred at R.T. for 2 h. Further work up was carried out as described for Method A, except that ethanol was used for recrystallization. Characteristics of sulfones 3a-h obtained by this method were identical to those obtained by using Method C.
Results and Discussion
10-Alkylphenothiazines la-h were obtained from phenothiazine by reaction with the corresponding alkyl iodides in the presence ofNaNH 2 without using solvent (Scheme 1, Table 1 ).
10-Alkylphenothiazine-5-oxides 2a-h were prepared from the appropriate 10-alkylphenothiazines la-h by two alternative methods (Scheme 1, Table 2 Similarly, two alternative methods were elaborated for oxidation of 10-alkylphenothiazines la-h into the corresponding 10-alkylphenothiazine-5,5-dioxides 3a-h (Scheme 1, Table 3 ). The 10-alkylphenothiazines la-h were transformed into their sulfones 3a-h at R.T. by KMnCU in a water-chloroform two-phase system using cetyltrimethylammonium chloride phase-transfer catalyst (Method C). Alternatively, portionwise addition of solid /w-CPBA acid into CH2CI2 solution of 10-alkylphenothiazines la-h at R.T. resulted in smooth formation of the 10-alkylphenothiazine-5,5-sulfones 3a-h (Method D). Selective formation of 10-alkylphenothiazine-5-oxides 2a-h (Method A) was achieved at low temperature (0 °C) in highly diluted system by using exact equivalency of precisely titrated m-CPBA. Twofold amount of m-CPBA at R.T., however, resulted in the formation of 10-alkylphenothiazine-5,5-dioxides 3a-h (Method D). Since sulfoxides 2a-h are poorly soluble in CC1 4> they precipitated in the case of Method Β and no formation of nitro-compounds were detected. These results confirm that S-oxidation of N-alkylphenothiazines by nitric acid precedes nitration in formation of nitrophenothiazine sulfoxides (34) . Efficiency of the KMJ1O4 oxidation was enhanced by using phase-transfer catalysis (Method C). By this modification, oxidation of the iV-alkylphenothiazines la-h to the corresponding sulfones 3a-h could be performed at RT. within 2 h in good yields.
Vol. 7, No. 3, 2001
Selective oxidation methods for preparation ofN-alkylphenothiazine sulfoxides and sulfones
